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(54) Thermoelectric conversion device and method of manufacturing the same 



(57) Athermoelectric conversion device is manufac- 
tured by the folbwing steps of forming. A metallic ma- 
terial is formed on a substrate. A photosensitive resin 
pattern is formed on the metallic material. Patterned n- 
type or p-type thermoelectric material elements having 
a predetermined thickness and electrode junction layers 
is formed by plating. Next, the photosensitive resin pat- 



tern is dissolved and the metallic material is removed. 
And the substrate having the p-type thermoelectric ma- 
terial elements and the substrate having the n-type ther- 
moelectric material elements are joined with the elec- 
trode junction layers interposed between the each ther- 
moelectric material elements and the opposed sub- 
strate. 
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Description 

[0001 ] The present invention relates to a thermoelec- 
tric conversion device having elements constituted of p- 
type and n-type thermoelectric materials and capable of 
enabling temperature-difference power generation 
(thermal power generation) based on the Seebeck ef- 
fect or electronic cooling and heating based on the Pel- 
tier effect and a method of manufacturing. 
[0002] The construction of a conventional thermoe- 
lectric conversion device for converting heat into elec- 
tricity or converting electricity into heat and a method for 
manufacturing the thermoelectric conversion device will 
be described with reference to Figs. 14 to 16. The con- 
ventional thermoelectric conversion device is construct- 
ed in such a manner that, as shown in Fig. 14, n-type 
elements 505 and p-type elements 605 are interposed 
between a lower substrate 601 having a lower electrode 
wiring 604 provided on its surface and an upper sub- 
strate 501 having an upper electrode wiring 504 provid- 
ed on its surface. Also, as shown in Fig. 1 6, p-type ele- 
ments 605 and n-type elements 505 are electrically con- 
nected in series to each other to form pn junctions, and 
are connected to an external electrical circuit by external 
connection electrodes 608. Thermoelectric materials or- 
dinarily used at room temperature not exceeding a tem- 
perature of about 200°C are Bi-Te materials. The mate- 
rial of the p-type elements is a chemical compound sem- 
iconductor mainly composed of Bi, Te and Sb. The ma- 
terial of the n-type elements is a chemical compound 
semiconductor mainly composed of Bi, Te and Se. 
[0003] When, in the above-described thermoelectric 
conversion device, a direct current is caused to flow 
through the external connection electrode 608 provided 
at both end portions of the thermoelectric conversion de- 
vice, heat absorption or heat development occurs at 
each of the interface at which the upper electrode wiring 
504 contacts the elements 505 and 506 and the inter- 
face between at which the lower electrode wiring 604 
contacts the elements 505 and 506, thus creating a tem- 
perature difference between the two faces of the ther- 
moelectric conversion device. Conversely, when there 
is a temperature difference between the upper electrode 
wiring 504 and the lower electrode wiring 604, it is pos- 
sible to extract power from the external connection elec- 
trodes 608. 

[0004] A method for manufacturing such a thermoe- 
lectric conversion device will next be described. Fig. 15 
shows an element joining method in a conventional ther- 
moelectric conversion device manufacturing method in 
a case where elements formed from thermoelectric ma- 
terials are monocrystals, or where a sintering process 
is used. First, on a thermoelectric material processed to 
have the shape of a plate or rod, a layer of Ni or the like 
is formed by plating. This layer is formed on the flat sur- 
faces of the thermoelectric member which are to be 
joined to the substrates. The thermoelectric member is 
cut into rectangular blocks, and electrode joint layers for 



soldering are provided on opposite end surfaces. In this 
manner, p-type elements 605 having electrode joint lay- 
ers 606 and 607 and n-type elements 505 having elec- 
trode joint layers 506 and 507 are made. Then, the com- 

5 pleted p-type elements 605 and n-type elements 505 
are respectively set in predetermined places on the 
electrode wirings with a jig or the like, and the elements 
and the electrode wirings are joined to each other by the 
electrode joint layers, thus manufacturing a thermoelec- 

io trie conversion device. Fig. 16 shows a see-through 
view of the thermoelectric conversion device manufac- 
tured by this process. 

[0005] Ordinary conventional thermoelectric material 
forming methods are represented by the above-men - 

15 tioned method of directly cutting a monocrystal into el- 
ements, and the method of pulverizing a monocrystal 
into a powder, sintering the powder and cutting the sin- 
tered material into elements. Sol-gel methods, electro- 
plating methods, flash evaporation methods are pres- 
to ently being studied. 

[0006] A process based on an electroplating method 
disclosed in Japanese Patent Laid-Open Publication 
No. 22533/1 998 will be outlined. First, a mask pattern is 
formed on a plating electrode made of Tl or the like on 

25 a plating substrate. This plating substrate is then placed 
in an acid plating solution together with an opposed 
electrode and a current is caused to flow therethrough. 
[0007] When the growth of a plating layer to a certain 
thickness is attained, the substrate with the plating layer 

30 js taken out of the liquid plate and the plating layer is 
transferred onto an insulating substrate. As a transfer 
method, a method of physically shaving the plating sub- 
strate may be used. In this process, however, a method 
of stripping from the plating substrate by using the ad- 

35 hesion of an adhesive on the insulating material is used. 
The step of forming an insulating layer on the stripped 
off plating layer and transferring another plating layer 
onto the insulating layer is repeated several ten times 
to make a laminated block. Internal electrodes for pn 

40 junction are directly formed on end surfaces of the block 
by vacuum deposition or the like. 
[0008] In the thermoelectric conversion device using 
monocrystals or sintered members as its elements, 
however, shorting by contact between the elements or 

45 failure of contact of the elements with the electrodes can 
occur easily due to a move of the elements on solder at 
the time of joining when the both sides of the elements 
are soldered to fix the elements. Also, since the ele- 
ments having the shape of a rectangular block are made 

50 by cutting the thermoelectric material in the form of a 
. plate, comer portions of the elements can crack or chip 
easily and a stress due to heat or an external force is 
concentrated in corner portions of the elements to in- 
crease the possibility of breakage. Therefore, there is a 

55 problem of a reduction in the yield or instability of the 
yield in mass production of the thermoelectric conver- 
sion device. 

[0009] In the thermoelectric conversion device man- 
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ufacturing method using a monocrystal or a sintered 
member to form elements, the elements formed from a 
thermoelectric material is a rectangular block one side 
of which (one in the direction of thickness and one of the 
bottom sides) has a length of, at the minimum, several 
hundred micrometers, depending upon restrictions in 
terms of machining and ease of handling. To obtain a 
high electromotive force by using such elements with 
respect to a small temperature difference, it is neces- 
sary to connect several thousand elements in series. 
However, it is very difficult to manufacture a thermoe- 
lectric conversion device in which several thousand 
worked elements are arrayed one by one on a substrate 
and connected in series. 

[0010] Even if it is possible, the size of the thermoe- 
lectric conversion device is so large that the device is 
difficult to mass-produce at a low cost. 
[0011] In the case of the manufacturing method dis- 
closed in Japanese Patent La id -Open Publication No. 
22533/1 998, a sufficiently stable yield cannot be expect- 
ed with respect to plating transfer. Also, the device using 
laminated blocks having intermediate layers of an insu- 
lating material has a heat flow loss larger than that of 
the device having air between the elements, and cannot 
generate sufficient power when the temperature differ- 
ence is small. Also, according to the method, the internal 
electrodes for series connection of the elements are 
joined directly to the elements and, therefore, the elec- 
trical resistance and the loss of heat are reduced. In 
practice, however, there is a need to polish the end sur- 
faces of the blocks, so that it is difficult to manufacture 
the device at a bw cost. Further, positioning marks can- 
not be used at the time of forming the internal elec- 
trodes, and it is difficult to form the internal electrode 
with sufficiently high reliability. 
[0012] For these reasons, ft is very difficult to manu- 
facture a small, thin, compact thermoelectric conversion 
device with stability at a low cost by any of the conven- 
tional manufacturing methods. 
[001 3] It is an object of the present invention to solve 
the above-described problems. The present invention 
arranges a device as described below. That is, a ther- 
moelectric conversion device of the present invention 
has p-type and n-type elements pn-junctioned by wiring 
of internal electrodes of two substrates opposed to each 
other, at least one of the p-type and n-type elements 
having, on only its one side, an electrode junction layer 
for joining to the internal electrode. 
[0014] According to the present invention, the ele- 
ment is formed of a p-type or n-type thermoelectric ma- 
terial containing at least two elements selected from Bi, 
Te, and Sb deposited from an acid water solution by an 
electrochemical technique. 

[0015] Further, the electrode junction layer is formed 
of a plurality of layers. 

[001 6] Also, the sectional shape of the p-type element 

or the n-type element is circular or elliptical. 

[001 7] Also, the surface of the respective element ad- 



jacent to the electrode junction layer has a surface 
roughness larger than the surface opposite from the sur- 
face adjacent to the electrode junction layer. 
[0018] Also, the internal electrode wiring is formed of 
5 at least a conductive layer for internal pn junction, and 
a junction layer for joining the substrate and the conduc- 
tive layer. 

[0019] Further, the conductive layer is a metal layer 
having Ni as a main constituent. 
10 [0020] Also, the substrates are Si substrates with a 
Si0 2 layer. 

[0021] As a manufacturing method for realizing the 
above-described thermoelectric conversion device, 
manufacturing methods described below are used. That 

is is, a manufacturing method of the present invention 
comprises a first step of forming an internal electrode 
on a substrate,' a second step of forming a mask pattern 
on the substrate such that at least a portion of the inter- 
nal electrode is exposed, a third step of forming an ele- 

20 ment of a thermoelectric material on the exposed inter- 
nal electrode by plating the substrate by an electro- 
chemical technique, a fourth step of forming an elec- 
trode junction layer on the element, a fifth step of remov- 
ing the mask pattern, and a sixth step of forming a pn 

25 junction by joining the electrode junction layer and an 
electrode provided on an opposed substrate opposed 
to the substrate. 

[0022] Also, another manufacturing method compris- 
es the steps of providing a metallic material on a sub- 

30 strate, forming a mask pattern on the substrate so that 
at least a portion of the metallic material is exposed, 
forming an element of a thermoelectric material on the 
exposed metallic material by plating the substrate by an 
electrochemical technique, forming an electrode junc- 

35 tion layer on the element, removing the mask pattern, 
forming an electrode for pn junction by partially remov- 
ing the metallic material, and joining the electrode junc- 
tion layer and an electrode provided on an opposed sub- 
strate opposed to the substrate. 

40 [0023] Still another manufacturing method comprises 
the steps of forming a first metal layer on a substrate, 
forming a plurality of internal electrodes by patterning 
on the first metal layer, forming a mask pattern on the 
substrate so that the internal electrodes are exposed at 

45 least partially, forming an element of a thermoelectric 
material on the exposed internal electrodes by plating 
the substrate by an electrochemical technique, forming 
an electrode junction layer on the element, removing the 
mask pattern, forming an electrode pattern from the first 

so metal layer by etching the first metal layer using the in- 
. ternal electrodes as a mask, and forming pn junction by 
pressing and heating the electrode junction layer and 
an electrode provided on an opposed substrate op- 
posed to the substrate so that the electrode junction lay- 

ss er and the electrode are joined to each other. 

[0024] Further, a step of processing the p-type and n- 
type elements by a heat treatment is included. 
[0025] As described above, since the pattern for form- 
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ing the element is formed of a photosensitive resin, the 
element can be easily formed so as to be circular or el- 
liptical. That is, stronger elements not easily broken by 
cracking, chipping or an external force can be realized. 
[0026] P-type and n-type elements are directly 
shaped on a substrate by plating. Therefore, there is no 
need for an electrode junction layer between the ele- 
ments shaped by plating and the substrate, and the 
electrode junction layer is provided on only one side of 
the element. The thermal resistance and the possibility 
of a contact failure at the time of joining for forming a 
thermoelectric conversion device, can be reduced. 
When the electrode junction layers on the elements are 
jointed to another substrate, since one side of the ele- 
ments have already been fixed, there is no possibility of 
occurrence of a short circuit between the elements or a 
contact failure caused by a move of the elements. Thus, 
the reduction in yield and variations in qualities can be 
limited. Since the elements are caused to grow by plat- 
ing, the junction interface between the elements and the 
electrode junction layers can be easily roughened suit- 
ably to have a surface roughness of several microns, 
corresponding to the crystal grain size of a Bi-Te mate- 
rial. The area of contact with the junction layer is thereby 
increased in comparison with the flat junction surface, 
and the possibility of contact and bonding failures is re- 
duced. As a result, the strength of junction between the 
electrode junction layers and the substrate is improved. 
Also, as a conductive layer for electrically connecting p- 
type and n-type elements in series, only a single metal 
layer is used. The process can therefore be simplified 
and a reduction in cost can be achieved. Also, two metal 
layers may be provided on one substrate while the sin- 
gle metal layer is used on the other substrate, thereby 
increasing the electrical conductivity as well as achiev- 
ing a cost reduction effect. Thus, the invention is advan- 
tageous in an application to a thermoelectric conversion 
device using small elements. Also, since the plating sub- 
strate and the substrate used for the thermoelectric con- 
version device are the same, a further reduction in cost 
can be achieved. 

[0027] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which: - 

Fig. 1 is a side view of a thermoelectric conversion 

device of the present invention; 

Fig. 2 is a side view of a thermoelectric conversion 

device according to an embodiment of the present 

invention; 

Fig. 3 is a top perspective view of a thermoelectric 
conversion device of the present invention; 
Fig. 4A is a schematic diagram showing a side view 
of connection electrodes according to the present 
invention; 

Fig. 4B is a schematic diagram showing a top view 
of connection electrodes according to the present 
invention; 



Fig. 5A is a schematic diagram showing a side view 
of connection electrodes according to the present 
invention; 

Fig. 5B is a schematic diagram showing a top view 
5 of connection electrodes according to the present 
invention; 

Fig. 6A is a schematic diagram showing a side view 
of connection electrodes according to the present 
invention; 

Fig. 6B is a schematic diagram showing a top view 
of connection electrodes according to the present 
invention; 

Fig. 7 is a side view of another thermoelectric con- 
version device of the present invention; 
Figs. 8A to 8D are side views (1) schematically 
showing a method of manufacturing the thermoe- 
lectric conversion device of the present invention; 
Figs. 9E and 9F are side views (2) schematically 
showing the method of manufacturing the thermo- 
electric conversion device of the present invention; 
Figs. 10G and 10H are side views (3) schematically 
showing the method of manufacturing the thermo- 
electric conversion device of the present invention; 
Figs. 11J and 11 K are side views (4) schematically 
showing the method of manufacturing the thermo- 
electric conversion device of the present invention; 
Fig. 12 is a schematic diagram showing the struc- 
ture of an opposed substrate; 
Fig. 13 is a side view showing a state where two 
substrates with p-type and n-type elements are 
joined; 

Fig. 14 is a side view of a conventional thermoelec- 
tric conversion device; 

Fig. 15 is a side view schematically showing a con- 
ventional method for manufacturing a thermoelec- 
tric conversion device; and 
Fig. 1 6 is a top perspective view of the conventional 
thermoelectric conversion device. 

[0028] An embodiment of the present invention will be 
described with reference to Fig. 1. An insulating sub- 
strate or a silicon substrate processed to have an insu- 
lating effect is used as each of an upper substrate 1 and 
a lower substrate 2. An upper electrode wiring 3 and a 
bwer electrode wiring 4 are respectively formed on the 
respective substrates. Elements 6 formed of, for exam- 
ple, a p-type thermoelectric material is provided on the 
lower electrode wiring 4. Each element 6 is joined to the 
upper electrode wiring 3 by an electrode junction layer 
7. On the other hand, elements 5 formed of, for example, 
n-type thermoelectric material is provided on the upper 
electrode wiring 4. Each element 5 is joined to the bwer 
electrode wiring 4 by an electrode junction layer 8. Thus, 
the electrode junction layer is provided on only one side 
of each element. Therefore, the thermal resistance that 
electrode junctions have can be reduced and the pos- 
sibility of contact failure at joining can also be reduced. 
As is apparent from the above, the electrode junction 
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layer represents layers which join the electrodes and the 
elements electrically and mechanically by pressing and 
heating. Relating specific materials and other features 
will be described bebw in detail. 
[0029] A method for manufacturing a thermoelectric 
conversion device of the above-described construction 
will be described bebw. 

[0030] First, a substrate processed to have an insu- 
lating effect or an insulating substrate is prepared, and 
an internal electrode wiring pattern for pn connection of 
p-type and n-type elements is formed on a surface of 
the substrate, thus forming a substrate for plating. 
[0031] Next, a mask having holes for the elements is 
made on the plating substrate. It is necessary that the 
thickness of the mask be approximately equal to the 
sum of the thickness of the elements and the thickness 
of an electrode junction layer. 
[0032] Next, the plating substrate and an opposed 
electrode are placed in a plating solution and the ele- 
ments is caused to grow in the holes of the plating sub- 
strate by controlling the voltage or current. 
[0033] Next, the electrode junction layer is shaped on 
the elements. For example, a material capable of pre- 
venting a solder, which is a constituent of the electrode 
junction layer, from being diffused in the elements is 
formed by electroplating, and the solder is then attached 
by electroplating. 

[0034] This method uses the mask hole pattern to 
form the elements with faithful reproducibility with re- 
spect to their cross-sectional shape and positions, and 
therefore makes it possible to form any of rounded 
cross-sectional shapes, such as circular and elliptical 
shapes, and special shapes, e.g., a star-like shape, 
which are difficult to form by the conventional manufac- 
turing methods. If the cross-sectional shape is circular, 
the problem of chipping or cracking of comer portions 
of the conventional elements can be eliminated. The 
number of holes in the mask pattern corresponds to the 
number of elements, and several ten thousand ele- 
ments can be made at a time. Since the density of ele- 
ments is determined only through the mask pattern, it is 
necessary to make the mask upon the thermal design 
and the performance design of the thermoelectric con- 
version element 

[0035] The mask on the plating electrode is then re- 
moved, and the metal layer on the plating substrate is 
etched and removed at places where the plating sub- 
strate is not covered with the electrode wiring pattern. 
[0036] Trie completed electrode junction layers on the 
substrate are used for joining to a wiring electrode pat- 
tern on another substrate, thus making the thermoelec- 
tric conversion device. 

[0037] The process of forming the plating substrate 
may be such that a multiplicity of metal layers are formed 
on the substrate surface, and an internal electrode wir- 
ing pattern for pn connection of the p-type and n-type 
elements is formed by using the multiplicity of metal lay- 
ers. In such a case, no pattern is formed in at least one 



metal layer to enable electric conduction over the entire 
surface of the plating substrate. Plating is performed on 
the thus-constructed substrate to form the elements, 
and the metal layer in which no metal pattern is formed 
s is partially removed. The thermoelectric conversion de- 
vice may be made in this manner. 

(Embodiment) 

10 [0038] An embodiment of the thermoelectric conver- 
sion device in accordance with the present invention will 
be described below in detail. 

[0039] As an application of the thermoelectric conver- 
sion device to power generation, use in a wristwatch ca- 

1 5 pable of being driven by generated power on jiW order 
can be mentioned. For example, a thermoelectric con- 
version device is designed so that when a temperature 
difference of 1 degree is generated between the two ter- 
minals of the thermoelectric conversion device in a wrist 

20 watch worn on a wrist at about room temperature, an 
open-circuit voltage of 1 V and power of 1 0 u.W or more 
are obtained. If a thermoelectric conversion device hav- 
ing a square shape one side of which is not larger than 
2 mm is constructed by using a compound semiconduc- 

25 tor which is mainly constituted of the plurality of ele- 
ments selected from Bi, Te, Sb, it has 2500 or more p- 
type and n^ype element pairs, an element sectional ar- 
ea of 100 urn 2 , and a height of 40 um. 
[0040] The construction of thermoelectric conversion 

30 device according to the embodiment of the present in- 
vention will be outlined with reference to Fig. 2. A Si wa- 
fer having a thickness of several hundred microns is 
used as each of an upper substrate 1 and a lower sub- 
strate 2. This substrate material is most suitable if the 

35 flatness, handling, reliability and mass-producibility are 
considered. However, a Si0 2 layer having a thickness 
of several hundred nanometers is formed by thermal ox- 
idization processing in order to insulate pn junction elec- 
trodes from each other. Other examples of substrate 

40 members or materials are a Cu or Al member having an 
insulated surface, and insulating materials, such as 
Al 2 0 3 and AIN having high heat conductivity, and glass, 
etc. Any thickness of the substrate can be selected in 
the range of several ten microns to several centimeters 

45 according to the device strength design as to whether 
the thermoelectric conversion device itself has a suffi- 
cient body strength or it requires some support from an 
instrument using the thermoelectric conversion device. 
If the substrate is an insulating material, there is no need 

so for processing for insulation. Processing for insulation 
of the substrate is not limited to thermal oxidization. Any 
of various film forming methods, such as coating, adher- 
ence, deposition, sputtering, etc., of an insulating mate- 
rial, may be used. 

55 [0041] An upper electrode wiring 3 and a lower elec- 
trode wiring 4 are provided on the upper substrate 1 and 
the lower substrate 2, respectively. For example, the up- 
per electrode wiring 3 and the lower electrode wiring 4 
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are formed by three metal layers, as illustrated. First 
metal layers 31 and 41 adjacent to the upper substrate 
1 and the lower substrate 2, respectively, are provided 
mainly to set certain strengths of bonds of the upper sub- 
strate 1 and the fower substrate 2 to second metal layers 
32 and 42. As a material for forming the first metal layers 
such as Cr or Al can be used. In this embodiment, a 
material having Cr as a main constituent is used. The 
intermediate second metal layers 32 and 42 are provid- 
ed mainly to establish electrical series connections of 
pn junctions between n-type elements 5 and p-type el- 
ements 6. As a material for forming the second metal 
layers, Cu, Ni, Au, Ag, or Al can be used. In this embod- 
iment, a metal layer having Ni as a main constituent is 
used. Third metal layers 33 and 43 are provided mainly 
to directly cause the n-type elements 5 and p-type ele- 
ments 6, respectively, to grow. Also, the third metal lay- 
ers 33 and 43 are each for junction to the electrode junc- 
tion layer 7 of the opposed element. As a material for 
forming the third metal layers, Au, Pt, Ag, Ni or Ti, for 
example, can be used. In this embodiment, Au is used. 
As illustrated in Fig. 2, each third metal layer 43 on the 
lower substrate 2 is directly joined to the p-type element 
6, and is joined to the n-type element 5 by the electrode 
junction layer Conversely, each third metal layer 33 on 
the upper substrate 1 is directly joined to the n-type el- 
ement 5, and is joined to the p-type element 6 by the 
electrode junction layer. The electrode junction layer is 
formed of a first electrode junction layer and a second 
electrode junction layer, as described below. 
[0042] The array of elements 5 and 6 in the thermoe- 
lectric conversion device will be described with refer- 
ence to Fig. 3. As shown in Fig. 3, each element has, 
for example, the shape of a circular cylinder, and the p- 
type elements 6 and n-type elements 5 are alternately 
placed and are connected in series with each other by 
the upper electrode wiring 3 attached to the upper sub- 
strate 1 and the bwer electrode wiring 4. More specifi- 
cally, the p-type and n-type elements 5 and 6 are orderly 
placed alternately at constant periodic intervals, and are 
connected in series while being arranged alternately up- 
wardly and downwardly from one side to the opposite 
side as viewed in the figure. The p-type and n-type ele- 
ments 5 and 6 are connected to an external electrical 
circuit by external connection electrodes 9. Seventy two 
circular cylinders having a diameter of 10 um are actu- 
ally arranged with a 30 um pitch to form each of seventy 
vertical rows which are arranged in the horizontal direc- 
tion with the same pitch, although the array illustrated 
in Fig. 2 or 3 does not have 5000 elements. The ele- 
ments are thus connected in series to form the thermo- 
electric conversion device having a 2.5 mm square 
shape. The arrangement of the p-type and n-type ele- 
ments and the intervals between the elements are not 
particularly limited. The elements may be irregularly 
spaced, may be arranged spirally, and may vary in size. 
Although the upper substrate 1 is so illustrated as to be 
seen smaller than the lower substrate 2, it may alterna- 



tively be equal to or larger than the lower substrate 2. 
Even the parallelism between the upper and lower sub- 
strate is not always necessary. The elements need not 
be circular and may have a polygonal sectional area 

5 rounded at corners. 

[0043] In this embodiment, the first, second and third 
metal layers are formed of Cr, Ni and Au, respectively, 
and have thickness of 100 nm, 5 um and 200 nm, re- 
spectively. However, this combination, this number of 

10 layers and these thicknesses are not exclusively select- 
ed. For example, the thickness of the Cr layer may be 
set within the range of several ten to several hundred 
nanometers, the thickness of the Ni layer in the range 
of several hundred nanometers to several micrometers, 

is and the thickness of the Au layer in the range of several 
ten to several hundred nanometers with no problem. If 
the material of one layer is changed, the thickness of 
the layer may be adjusted according to the function of 
the layer. The number of layers may be reduced to two 

20 by integrating the functions, or five or more layers may 
be formed by separating the functions. Figs. 4 to 6 show 
variations of the layer structure of the lower electrode 
wiring, i.e., a two-layer structure and three-layer struc- 
ture, by way of example. Figs. 4A, 5A and 6A are side 

25 view and Figs. 4B, 5B and 6B are top view. Figs. 4A and 
4B show an example of a three-layer structure, in which 
a third metal layer 403 is formed below the space where 
an element is to grow. Referring to Figs. 5A and 5B, a 
third metal layer 41 3 is formed only as a portion joined 

30 to an electrode junction layer 7. In the case of a two- 
layer structure such as shown in Figs. 6A and 6B, only 
a first metal layer 401 and a second metal layer 402 con- 
stitute the structure. 

[0044] The electrode wirings 3 and 4 on the upper 

35 substrate 1 and the lower substrate 2 of this embodi- 
ment have been described by assuming that they have 
the same structure. The electrode wirings 3 and 4, how- 
ever, may have different structures. For example, Ni is 
used to form the second metal layer on one of the two 

40 substrates while a Cu layer coated with Ni is used on 
the other substrate in a case where, in the operating 
state, the temperature on the upper substrate 1 side is 
higher than that on the lower substrate 2 side, or if it is 
desirable to reduce the electrical resistance, to improve 

45 the facility with which the device is manufactured, or to 
ensure a certain degree of reliability of the device. Ni 
has been used for conventional thermoelectric devices 
and has high reliability, but its electrical resistance is 
higher than that of Cu. Therefore, it is sometimes disad- 

50 vantageous to use only Ni for extremely small thermo- 
electric conversion devices in which a multiplicity of el- 
ements are connected in series. Conversely, if Cu is 
used, it dissolves easily in a nitric acid acidic plating so- 
lution and easily allows diffusion of materials and is 

55 therefore unsatisfactory in terms of reliability, although 
it has a low electrical resistance. Therefore, it is desira- 
ble to use a combination of Ni and Cu. However, an in- 
crease in the total number of layers leads to an increase 
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in cost. For this reason, the above-described material 
composition has been usable according to the balanced 
relationship among the electrical resistance, the reliabil- 
ity and the cost. Also, the structures of the upper elec- 
trode wiring 3 and the bwer electrode wiring 4 may be 
differentiated from each other as shown in Figs. 4 to 6. 
[0045] The n-type element 5 is mainly constituted of 
Bi and Te. The constituent ratio Bi/Te in terms of molar 
ratio is about 2/3. The p-type element 6 is mainly con- 
stituted of Bi, Sb and Te. The constituent ratio (Bi + Sb) 
/Te in terms of molar ratio is about 2/3. These elements 
are electrochemically composed in a nitric acid acidic 
solution at pH 1 or lower used as a plating liquid. There- 
fore, the crystal grain size is not larger than several mi- 
crons and the C-axes of Bi-Te crystals are oriented in 
the direction perpendicular to the direction of growth of 
layers. 

[0046] Referring to Fig. 2, the Bi-Te alloy is directly 
formed on the connection electrodes (i.e., on upper 
electrode wiring 3 and lower electrode wiring 4). How- 
ever, a thin interposed layer of Pt, Ni, Au, Bi or the like 
may be formed by plating and the elements may be 
formed on this layer. An improvement in thermoelectric 
characteristics, an increase in bond strength, etc., can 
be achieved thereby. 

[0047] The electrode junction layer formed on an end 
of each of the p-type elements 6 and n-type elements 5 
is formed of two metal layers, i.e., a first electrode junc- 
tion layer and a second electrode junction layer. First 
electrode junction layers 711 and 721 bond second elec- 
trode junction layers 71 2 and 722 to the elements 5 and 
6, respectively, and prevent elements in the second 
electrode junction layers 712 and 722 from being dif- 
fused in the elements 5 and 6. In this embodiment, a 1 
um Ni layer is used as the first electrode junction layer, 
but the first electrode junction layer is not limited to this. 
For example, Pt, Ti, Au or Ag may be used. Also, the 
number of layers may be increased, or may be reduced 
to one. The electrode junction layers may differ in com- 
position from each other with respect to the elements. 
[0048] Fig. 7 shows a structure in which the surfaces 
of the p-type elements 6 and n-type elements 5 on which 
the electrode junction layers are have some sort of ir- 
regularities. Such a structure has an effect of improving 
the strength of the junctions between the second elec- 
trode junction layers 71 2 and 722 and the first electrode 
junction layers 711 and 721 . Consequently, the strength 
of the junctions between the second electrode junctions 
layers 712 and 722 and the elements is improved. In 
this figure, however, the configuration of the interface is 
. illustrated in an extremely magnified state. The actual 
configuration is not so extremely irregular, and the irreg- 
ularities are only relatively large in comparison with the 
surfaces of the elements 5 and 6 not joined to the elec- 
trode junction layers. More specifically, when the sur- 
face roughness was on the order of several microns cor- 
responding to the size of crystal grains of the Bi-Te alloy, 
the above-mentioned improvement in the junction 



strength could be achieved. Since Bi-Te materials can 
oxidize easily, electrode junction layers having a suffi- 
ciently high bond strength could be formed on the ele- 
ments upon realizing such surface roughness. 

5 [0049] Each of the second electrode junction layers 
712 and 722 has a function of electrically and mechan- 
ically connecting the third metal layer 33 or 43 on the 
lower or upper substrate to the element 5 or 6. For ex- 
ample, a solder mainly composed of Sn and Pb is used 

10 for this purpose. In this embodiment, however, a solder 
mainly composed of Bi, Ag, and Sn without Pb, or a sil- 
ver paste may be used. 

[0050] The method of manufacturing the thermoelec- 
tric conversion device shown in Fig. 2 will now be de- 

15 scribed in detail with reference to Figs. 8 to 13. First, a 
substrate 101 for plating is made. For example, if a Si 
wafer is used as a substrate, thermal oxidization is first 
performed to form a 1 00 nm thick SiOg layer on the sur- 
face, thus performing processing for electrical insula- 

20 tion. A multilayer structure having, for example, three 
metal layers is then formed on the surface by sputtering, 
vacuum deposition or CVD. 

[0051] First, as shown in Fig. 8A, a first metal layer 

102 was formed on the entire surface of the substrate 

2S 101. 

[0052] Next, this first metal layer 102 was etched to 
be shaped into a pattern for forming an electrode wiring 
such as shown in Fig. 8B. To form an internal electrode 
wiring by etching, a photosensitive resin is first applied 

30 and is subjected to exposure by an exposure apparatus. 
The electrode wiring has a land-like configuration for pn 
connection of p-type elements and n-type elements. Ac- 
cordingly, if a negative type photosensitive resin is used, 
the mask pattern has a land-like configuration. In a pos- 

35 jtive type photosensitive resin is used, a reversal mask 
is used. After exposure, development using a developer 
solution was performed along the mask pattern, thereby 
forming a pattern in the photosensitive resin. The metal 
layer not protected by the resist was etched by an etch- 

40 ing solution. 

[0053] Next, as shown in Fig. 8C, a second metal lay- 
er 103 and a third metal layer 104 were formed on the 
entire surface of the substrate 101 . Thereafter, only the 
third metal layer 104 was etched to form a pattern for 

45 forming an electrode wiring such as shown in Fig. 8D. 
As can be understood from this, the second metal layer 

103 is left without being shaped into a pattern in order 
to enable conduction over the entire surface of the sub- 
strate 101 . The layer forming method used is sputtering 

so using 3-inch metal targets. The materials used for the 
metal layers and the film thicknesses were as shown 
below. The first metal layer 102 was a 100 nm thick Cr 
layer, the second metal layer 1 03 was a several-microns 
thick Ni layer, and the third metal layer 104 was a 100 

55 nm thick Au layer. 

[0054] In this embodiment, the metal layers were 
formed on the plating substrate 101 in the above-de- 
scribed order. However, a process described bebw is 
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also possible. First, three metal layers are formed. Then, 
a land-like electrode wiring pattern is formed only in the 
second metal layer 103 and the third metal layer 104, 
and no pattern is formed in the first metal pattern 102. 
This process also enables conduction through all the 
electrodes for precipitation of p-type and n-type ele- 
ments. In this process, the lowermost metal layer is left 
by controlling the etching time. However, it is also pos- 
sible to left only the lowermost metal layer by selecting 
a suitable etching solution. Cr forming the first metal lay- 
er formed as the lowermost layer could be cleanly 
etched by immersion in a ferricyanic water solution for 
several minutes after element shaping, without corrod- 
ing the other materials. It is also possible to form a pat- 
tern only in the uppermost layer without forming any pat- 
terns in the other two layers. As a metal layer growing 
method, a vacuum deposition method, a CVD method 
or a plating method may also be used in addition to a 
sputtering method. 

[0055] The substrate 101 for growth of p-type or n- 
type elements was thus prepared. 
[0056] Next, a mask 1 08 for shaping p-type or n-type 
elements was made on the plating substrate 101, as 
shown in Fig. 9E. The description will be made below in 
detail with respect to the formation of n-type elements. 
A photosensitive resin is used for the mask 108, and 
portions not masked correspond to about half the areas 
of the above-described land-like electrode wiring pat- 
tern. More specifically, the shape of openings on the 
electrodes left by the mask 108 is circular. The shape 
not masked may be the shape of a polygon rounded at 
comers. A specific method for forming the mask 108 is 
as described below. For example, a photosensitive resin 
is applied to the entire surface of the plating substrate, 
made flat by a spinner, dried and then baked, followed 
by exposure and development. Since the height of n- 
type elements was 40 urn, the rotation of the spinner 
was set at a low speed to enable the photosensitive res- 
in to have a thickness of about 50 um It is necessary to 
set the thickness of the photosensitive resin larger than 
the desired height of n-type elements. Alternatively, the 
steps of applying the photosensitive resin and the step 
of baking the photosensitive resin may be performed a 
number of times to shape a thick layer of the photosen- 
sitive resin on a substrate. If the overall thickness is in- 
creased to several hundred microns, a need for applying 
the photosensitive resin a certain number of times aris- 
es. If still a larger thickness (millimeter order) is required, 
a technique such as screen printing may be used. 
[0057] Basical fy, th e sectional shape of each of p-type 
and n-type elements is reflected by the mask pattern at 
the time of exposure. However, since the photosensitive 
resin had a substantially large thickness and since the 
element was thin, that is, the diameter of its sectional 
shape was set to 1 0 |im, the diameter of the correspond- 
ing mask pattern shape was set to 10 um or less. After 
exposure, development is performed to form holes for 
n-type elements. While in this process the sectional 



shape of n-type elements is strictly made circular based 
on the mask pattern, the holes for the elements can be 
rounded by exposure conditions and development con- 
ditions. It is also possible to form a polygonal sectional 

5 shape having rounded comer portions in the same man- 
ner. It is also possible to form a mask for the p-type on 
another substrate in the same manner. 
[0058] Next, as shown in Fig. 9F, n-type elements 1 05 
were formed by plating in the holes of the mask 108 on 

10 the substrate 101. Plating in the holes of the mask 108 
requires a pretreatment for enabling a plating solution 
to enter the resist holes and suitably wet the electrode 
surface. In this embodiment, therefore, a pretreatment 
based on ultrasonic cleaning using a plating solution 

15 was performed. A method of burning by a plasma in an 
oxygen atmosphere may also be used as a method for 
completely removing remaining resist layers in the resist 
holes. A method for enabling a plating solution to enter 
the resist holes by performing ultrasonic cleaning using 

20 pure water, an acid, an alkali, a detergent, or the same 
kind of plating solution having a lower viscosity may be 
performed. Also, a technique of introducing a plating so- 
lution by evacuating the plating electrode spaces, etc., 
may be used. 

25 [0059] An acid water solution is basically used as a 
plating solution and the pH value thereof is 1 or less. 
Specifically, nitric acid was used. However, hydrochloric 
acid and sulfuric acid can also be used. As plating so- 
lution constituents, Bi and Te are contained for the n- 

30 type, and Bi, Te and Sb are contained for the p-type. 
Each of plating solutions having such constituents is 
prepared by dissolving metallic materials in a nitric acid 
water solution. Raw materials for the plating solutions 
are provided in the form of oxides, chlorides or pure met- 

3S als. Bi, Te and Sb are difficult to dissolve even in an acid 
at a low pH. Therefore, they may be combined with 
some of various chelating agents, e.g., aminopyridine 
to improve the solubility, thereby increasing the film 
forming rate in plating. 

40 [0060] To compose the Bi-Te alloy by plating, the sub- 
strate 1 01 with mask holes was used as a working elec- 
trode, and a platinum electrode or a titanium electrode 
coated with platinum was used as an opposed elec- 
trode. They were immersed in the above-described plat- 
es ing solution. The alloy could be composed by causing a 
current at a current density on 1 mA/cm 2 order in the so- 
lution. If a reference electrode made of Ag/AgCi or the 
like is used, the Bi-Te alloy can be composed with higher 
reproducibility by performing voltage control. That is, ag- 

50 rtation of the plating solution and voltage and current 
control are performed to facilitate reproduction ot a 
roughness of several microns corresponding to the crys- 
tal grain size of the Bi-Te alby. 
[0061] On the connection electrodes as a substrate 

55 for the growth of the elements, a thin layer of another 
metal such as Pt, Ni, Au or Bi, may be previously formed 
by electroplating to increase the surface roughness of 
the substrate metal, and the elements may be formed* 
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on this layer, thereby improving the bond and preventing 
diffusion of element materials. 
[0062] Next, as shown in Fig. 1 0G, an electrode junc- 
tion layer was formed on the elements 105. At this time, 
the same plating method is used to form this layer in this 
embodiment. Since the same plating method was used, 
the plating baths were placed close to each other to min- 
imize oxidation of the surface used as a plating inter- 
face, thereby improving the plating junction strength. 
First, a layer of a material such that a solder or the like 
forming a second electrode junction layer 107 is not dif- 
fused in the element 105, e.g., a material having Ni as 
a main constituent is formed by plating as a first elec- 
trode junction layer 106. Thereafter, a solder having Sn 
and Pb as a main constituents and forming the second 
electrode junction layer 1 07 is shaped by a plating meth- 
od. A lead-free solder containing Bi or Ag could also be 
used, and Pt, Ag and Au could also be used as the first 
electrode junction layer 106. The electrode junction lay- 
er was formed by a plating method. However, sputtering, 
CVD or screen printing may also be used. When a silver 
paste was used for the second electrode junction layer 
107, the second electrode junction layer 107 was 
shaped by immersing the tip of the element in a silver 
paste bath after separation of the photosensitive resin. 
The number of electrode junction layers is not limited to 
two, and may be one, or three or more. 
[0063] Next, as shown in Fig. 1 0H, the photosensitive 
resin (mask 108) on the plating electrode on the sub- 
strate 101 is removed. A removal method using a pho- 
tosensitive resin remover or an organic solvent such as 
acetone may be used. In this embodiment, ultrasonic 
cleansing was performed in acetone to remove the resin 
in a short time period. 

[0064] Next, the metal layer on the substrate 101 
which is used as a plating conduction electrode, and in 
which no pattern is formed is partially removed. Fig. 11 J 
shows the result of this removal. In this embodiment, the 
third metal layer 1 04 in which the electrode pattern had 
already been formed was used as an etching mask. An 
etching solution capable of easily removing Ni without 
corroding the third metal layer (Au) and forming the wir- 
ing electrode pattern was used. However, it is to be not- 
ed that an etching solution should be selected which 
does not considerably dissolve Bi, Te and Sb, which are 
the main constituents of the elements fixed on the sub- 
strate 101 , and Sn and Pb, which are the main constit- 
uents of the solder. 

[0065] Next, reflowing of the electrode junction layers 
is performed. Fig. 11 K shows the result of the reflowing. 
By performing reflowing, the constituents of the second 
electrode junction layer 107 are made uniform and the 
junction to the mated metal layer is facilitated. Reflowing 
was performed in such a manner that a rosin flux was 
applied to the soldered portions and a heat treatment 
was performed at 1 70°C for several ten seconds or less. 
The gas of the inert gas atmosphere is Ni, Ar or the like. 
A heat treatment may be performed in atmospheric air. 



[0066] Next, a substrate on the opposite side, having 
a similar structure such as shown in Fig. 11 K is pre- 
pared. The substrate may have elements shaped ther- 
eon by the above-described method, or elements 

5 formed by any other method. In this embodiment, p-type 
elements 205 are provided on an opposed substrate 
201 with three layers 202, 203, and 204 interposed ther- 
ebetween, and a first electrode junction layer 206 and 
a second electrode junction layer 207 are provided on 

10 the p-type elements 205, as are the corresponding 
members described above. Fig. 1 2 shows this construc- 
tion. 

[0067] Next, as shown in Fig. 13, the substrate 201 , 
to which the p-type elements 205 are attached, and the 

is substrate 101, to which the n-type elements 105, are 
opposed and joined to each other. If necessary, the two 
substrates are cut into pieces having predetermined 
suitable sizes. The faces of the respective substrates 
101 and 201 on which the elements are provided are 

20 opposed to each other, the elements on the respective 
substrates are placed in a staggering manner, and the 
elements with the electrode junction layers are posi- 
tioned on the electrode patterns on the substrates. Then 
the members were heated while being pressed against 

25 each other. The positioning of the respective substrates 
101 and 201 is performed on one side of each of the 
substrate to align the joining positions of the substrates. 
In the positioned state, the members are heated while 
pressures are being applied to the substrates from 

30 above and below, thereby effecting joining between the 
electrodes on the opposed substrates by the electrode 
junction layers. The heating temperature is not higher 
than 350° C. Joining was performed in an air atmos- 
phere. However, joining may also be performed in a vac- 

3S uum or in an inert gas atmosphere, such as a nitrogen 
atmosphere or an Ar atmosphere. A rosin flux was ap- 
plied to the bump heads to reduce junction failures, 
thereby achieving a high yield. In this embodiment, after 
joining using a heater, the thermoelectric conversion de- 

40 vice was moved away from the heater to solidify the sol- 
der by natural cooling. However, forced cooling using a 
Peltier device or a fan can also be used. 
[0068] The thermoelectric conversion device thus 
made has the structure shown in Fig. 3. 

45 [0069] Finally, to improve thermoelectric characteris- 
tics, the thus-made thermoelectric conversion device is 
put in a furnace to undergo a heat treatment. In this em- 
bodiment, a heat treatment was performed to improve 
the thermoelectric characteristics of the elements. How- 

so ever, with respect to specifications not requiring im- 
proved thermoelectric characteristics, the plating condi- 
tions are suitably controlled to attain the performance 
according to a purpose without performing a heat treat- 
ment. 

55 [0070] According to the thermoelectric conversion de- 
vice of the present invention, as described above, the 
elements have a circular sectional shape or polygonal 
sectional shape rounded at comers, so that the possi- 
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nique. 

4. A thermoelectric conversion device according to 
claim 1, wherein the electrode junction layer is 

5 formed of a plurality of layers. 

5. A thermoelectric conversion device according to 
claim 4, wherein the electrode junction layer has a 
layer having Ni as a main constituent, and a layer 

10 containing at least one kind of element selected 
from Ag, Pb, Sn, and Bi. 

6. A thermoelectric conversion device according to 
claim 1 , wherein the sectional shape of the p-type 

is element or the n-type element is circular or elliptical. 

7. A thermoelectric conversion device according to 
any one of claim 1 , wherein a surface of the element 
adjacent to the electrode junction layer has a sur- 

20 face roughness larger than a surface adjacent to the 
internal electrode opposite from the surface adja- 
cent to the electrode junction layer. 

8. A thermoelectric conversion device according to 
2£ claim 1 , characterized in that the internal electrode 

has a conductive layer for pn junction, and a junc- 
tion layer for joining the substrate and the conduc- 
tive layer. 

30 9. a thermoelectric conversion device according to 
claim 8, characterized in that the conductive layer 
is a metal layer having Ni as a main constituent. 



bility of breakage due to stresses is reduced. Also, the 
interface between the elements and the electrode junc- 
tion layers is suitably roughened to have a surface 
roughness of several microns or less, thereby improving 
bonding and stably reducing the loss of heat and the 
electrical resistance. Also, the electrode junction layers 
could be reduced to half in comparison with the conven- 
tional thermoelectric conversion device. Therefore, oc- 
currence of manufacturing defects, the electrical resist- 
ance and the heat loss at the electrode junction layers 
could be reduced. 

[0071] In the manufacturing method, a pattern is de- 
termined by a photosensitive resin, so that the elements 
can be made finer and can be formed at a high density. 
Since the elements are shaped by a plating method, the 
thickness of the elements is readily reduced. Reduc- 
tions in thickness and size and an increase in density 
could be realized and the performance substantially the 
same as that of the conventional thermoelectric conver- 
sion devices could be realized by using a smaller 
number of members or smaller amounts of materials, 
thereby achieving a reduction in cost. 



Claims 

1 . A thermoelectric conversion device comprising: 

two substrates having an internal electrode; 
p-type and n-type elements formed of thermo- 
electric materials, interposed between the two 
substrates, and pn-junctioned by wiring of the 
internal electrode; and 

at least one of the p-type and n-type elements 
having, on only its one side, an electrode junc- 
tion layer for joining to the internal electrode. 

2. A thermoelectric conversion device comprising: 

a first substrate and a second substrate each 
having an internal electrode; and 
p-type and n-type elements interposed be- 
tween the first substrate and the second sub- 
strate, pn-junctioned by wiring of the internal 
electrodes, and formed of thermoelectric mate- 
rials; wherein 

the p-type element has an electrode junction 
layer only on a surface jointed to the internal 
electrode of the first substrate, and 
the n-type element has an electrode junction 
. layer only on a surface jointed to the internal 
electrodes of the second substrate. 

3. A thermoelectric conversion device according to 
claim 1 , wherein the element is formed of a thermo- 
electric material containing at least two elements 
selected from Bi, Te, and Sb precipitated from an 
acid water solution by an electrochemical tech- 



10. A thermoelectric conversion device according to 
35 claim 1 , wherein the internal electrode has a plural- 
ity of conductive layers. 

11. A thermoelectric conversion device according to 
claim 1 , wherein the substrates are Si substrates 

40 having a Si0 2 layer formed on a surface. 

12. A method of manufacturing a thermoelectric con- 
version device comprising: 

45 a first step of forming an internal electrode on 

a substrate; 

a second step of forming a mask pattern on the 
substrate such that at least a portion of the in- 
ternal electrode is exposed; 
50 a third step of forming an element of a thermo- 

electric material on the exposed internal elec- 
trode by plating the substrate by an electro- 
chemical technique; 

a fourth step of forming an electrode junction 
55 layer on the element; 

a fifth step of removing the mask pattern; and 
a sixth step of forming a pn junction by joining 
the electrode junction layer and an electrode 
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provided on an opposed substrate opposed to 
the substrate. 

13. A method of manufacturing a thermoelectric con- 
version device according to claim 12, wherein: s 

the first step is a step of forming a plurality of 
internal electrodes for pn junction on the sub- 
strate and forming a second electrode for elec- 
trically connecting the plurality of internal elec- 10 
trodes; and further comprising 
a step of removing a portion of the second elec- 
trode so as to cancel electrical connection be- 
tween the plurality of internal electrodes is pro- 
vided after the fifth step. is 

14. A method of manufacturing a thermoelectric con- 
version device comprising the steps of: 

providing a metallic material on a substrate; 20 
forming a mask pattern on the substrate so that 
at least a portion of the metallic material is ex- 
posed; 

forming an element of a thermoelectric material 
on the exposed metallic material by plating the 2s 
substrate by an electrochemical technique; 
forming an electrode junction layer on the ele- 
ment; 

removing the mask pattern; 
form ing an electrode for pn junction by partially 30 
removing the metallic material; and 
joining the electrode junction layer and an elec- 
trode provided on an opposed substrate op- 
posed to said substrate. 

35 

15. A method of manufacturing a thermoelectric con- 
version device comprising the steps of: 

forming a first metal layer on a substrate; 
forming a plurality of internal electrodes by pat- 40 
teming on the first metal layer; 
forming a mask pattern on the substrate so that 
the internal electrodes are exposed at least par- 
tially; 

forming an element of a thermoelectric material 45 
on the exposed internal electrodes by plating 
the substrate by an electrochemical technique; 
forming an electrode junction layer on the ele- 
ment; 

removing the mask pattern; so 
forming an electrode pattern from the first metal 
layer by etching the first metal layer using the 
internal electrodes as a mask; and 
forming pn junction by pressing and heating the 
electrode junction layer and an electrode pro- ss 
vided on an opposed substrate opposed to the 
substrate so that the electrode junction layer 
and the electrode are joined to each other. 



16. A method of manufacturing a thermoelectric con- 
version device according to claim 12, further com- 
prising a step of processing the element by a heat 
treatment. 

17. A method of manufacturing a thermoelectric con- 
version device according to claim 14, further com- 
prising a step of processing the element by a heat 
treatment. 

18. A method of manufacturing a thermoelectric con- 
version device according to claim 15, further com- 
prising a step of processing the element by a heat 
treatment. 
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